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Per-oral Endoscopic Myotomy (POEM) is a transmural endoscopic surgical technique that is gaining
widespread adoption in the management of adult achalasia. The endoscopic approach offers excellent
access to the muscular wall of the esophagus enabling division of the abnormal circular ﬁbers. The
procedure offers the beneﬁts of having no visible scars, preserving the outer longitudinal esophageal
muscle ﬁbers and avoiding a hiatal dissection. After extensive advanced endoscopy training sessions and
IRB review, a POEM was successfully performed in a 16 yo female with achalasia. The POEM was per-
formed without complication by a pediatric surgeon with an operative time of 184 min. The patient has
had signiﬁcant improvement in both dysphagia and regurgitation at 1 month. Advanced endoscopy is
developing the capacity to treat what are currently considered surgical diseases including achalasia. As
intraluminal, transmural, and transluminal endoscopic procedures evolve, pediatric surgeons will have to
deﬁne their role in advanced endoscopy.
 2014 The Authors. Published by Elsevier Inc. All rights reserved.Per-oral Endoscopic Myotomy (POEM) is a transmural endoscopic
surgical technique for the treatment of esophageal motility disorders
including achalasia. The POEM for achalasia is performed bymaking a
mucosal incision in the esophageal wall and then creating a submu-
cosal tunnel that allows endoscopic access to the muscular layers of
the esophagus. The endoscopic approach has not visible scar and
enables the potential advantage of selective division of the inner
circularmuscles ﬁbers implicated in the pathophysiology of achalasia
without cutting the outer longitudinal muscle ﬁbers. The POEM does
not include an anti-reﬂux procedure. Proponents believe that
avoiding a hiatal dissection and avoiding division of the longitudinal
ﬁbers may reduce the rate of reﬂux compared to the high rate of
reﬂux seen after Heller myotomy alone, which has made fundopli-
cation a standard adjunct to the procedure.
The POEM technique was proposed in a survival animal study by
Pasricha et al., in 2007 [1]. Inoue performed the ﬁrst human pro-
cedures in 2008 for achalasia in Japan with no serious complica-
tions and promising long-term results [2]. Stavropoulos introduced
the POEM procedure to North America in 2010 [3]. Swanstron et al.BY-NC-ND license (http://
, Stanford, CA 94305, USA.
Published by Elsevier Inc. All righwent on to show excellent long term results and compare POEM to
Laparosocpic Heller Myotomy (LHM) with partial fundoplication in
a retrospective non-randomized review of outcomes from their
institution [4]. In both POEM and LHM, symptoms and objective
esophageal physiology were equally improved with similar rates of
reﬂux. Patients undergoing POEM had a signiﬁcantly shorter hos-
pital stay.
In the pediatric population, the incidence of achalasia is low
with an annual estimated incidence is 0.02e0.18 cases per 100,000
children [5,6]. Accordingly, the POEM procedure has been reported
in only a few pediatric cases globally. Maselli et al. reported the ﬁrst
pediatric POEM in a 3 year old with Downs Syndrome and severe
growth retardation due to achalasia [7]. Familiari et al. describes the
only reported European pediatric POEM experience, comprised of
three cases (age 9e11 years) with resultant resolution of symptoms
based on a standardized scoring system [8]. In Asia, more centers
have attempted pediatric POEM, however the experience remains
limited. Lee et al. included two pediatric patients (age 12e13 years)
among their case series of 13 patients [9]. In abstract form only,
Chen et al. reported 21 children (age 6e17 years), in whom POEM
was completed successfully in 20 of 21 cases [10]. There have been
no reports to date of pediatric POEM procedures in North America.
North American pediatric surgeons develop basic endoscopic
competencies through evolving general surgery training require-
ments as well as pediatric fellowship training. POEM requirests reserved.
Fig. 1. Pre-operative esophagram showing classic bird-beaking of the esophagus with
narrowing of the lower esophageal sphincter.
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gery practice challenging.
1. Case report
A 16 year-old female weighing 61 kg with dysphagia and night-
time regurgitation despite sleeping on four pillows was found to
have achalasia based on esophagram (Fig. 1). Esophagogas-
troduodenoscopy (EGD) revealed a tight Lower EsophagealFig. 2. Selected intraoperative images of the Per-Oral Endoscopic Myotomy. A) Mucosal incis
division of circular muscle ﬁbers with preservation of underlying longitudinal muscle ﬁberSphincter (LES) without mucosal abnormality. Manometry reveled
Type I achalasia with a LES resting pressure of 17.8 mm HG (normal
<15 mm Hg), lack of LES relaxation with swallow, and very low
amplitude esophageal contractions. The patient and family were
offered the POEM procedure under an IRB approved protocol
(IRB#26375) for pediatric achalasia. The pediatric surgeon per-
forming the procedure had completed an additional year of fellow-
ship training in adult minimally invasive surgery including
endoscopy. Extensive training sessions in the POEM techniquewere
done including over 20 live animal procedures and 4 human
cadaveric POEMprocedures. The ﬁrst 5 animals and 2 cadaverswere
done with the assistance of an adult surgeons experienced with
POEM. The additional training sessions were done gain conﬁdence
andefﬁciency ineach stepof theprocedure. Thesessionswereended
after the training surgeon was able to perform 5 cases without
complication in a similar timeframe to that of experienced surgeons.
Finally, an adult surgeon with experience in the POEM procedure
was present for the ﬁrst clinical case described in this report.
The procedure was performed using a GIF-H180 high-deﬁnition
gastroscope with a single 2.8 mm working channel (Olympus,
Center Valley PA). An esophageal overtube (US Endoscopy, Mentor,
OH) was used to facilitate repeated introductions of the endoscope.
The distance to the GE junctionwas measured and the entry site for
the mucosal incision was chosen 10 cm above the GE junction. The
mucosa was elevated using a submucosal injection of indigo
carmine. A 2 cm longitudinal mucosal incision was made at the
2 o’clock position (Fig. 2a) using a triangle tip endoscopic knife
(Olympus, Center Valley, PA). An angled clear endoscopic cap
(Olympus, Center Valley PA) facilitated entry through the mucosal
incision into the submucosal plane. A tunnel was created through
the submucosal plane to the level of the GE junction using a com-
bination of blunt dissection, triangle tip cautery and indigo carmine
injections (Fig. 2b). The tunnel was carried 2 cm onto the stomach
and the extent of tunneling was conﬁrmed by retroﬂex view from
the stomach. The circular muscle ﬁbers of the esophagus were
divided beginning 2 cm below the gastro-esophageal junction
(Fig. 2c). The ﬁnal myotomy was 8 cm in length and bacitracin so-
lution was used to irrigate the tunnel prior to closure. The muco-
sotomy was closed (Fig. 2d) using multiple endoscopic clips
(Olympus, Center Valley, PA). The supplementary video and ﬁgures
show the key steps of the procedure.
2. Discussion
The POEM was performed by the pediatric surgeon with an
operative time of 184 min. There were no intraoperative compli-
cations. The patient was kept NPO after the procedure and an
esophagramwas performed on themorning of post-operative day 1
revealing no leak and rapid passage of contrast through the
gastroesophageal junction. The patient tolerated a liquid diet andion. B) Dissection of the submucosal plane exposing circular muscle ﬁbers. C) Selective
s. D) Closure of mucosal incision with endoscopic clips.
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retrosternal chest pain that resolved within 48 h. She was advanced
to a regular diet after 2 weeks and has had signiﬁcant improvement
in both dysphagia and regurgitation at 1 month. This improvement
was reﬂected in her Eckardt score change from a score of 7 pre-
POEM to 1 (scale 0e12) [11] at 1 month post-procedure.
3. Conclusion
A POEM was successfully performed in an adolescent patient by
a pediatric surgeon with extensive advanced endoscopic training.
Both live animal and human cadaveric training sessions were crit-
ical to gaining the technical skills necessary to perform the proce-
dure safely. Advanced endoscopy is developing the capacity to treat
what are currently considered surgical diseases including achalasia.
As intraluminal, transmural, and transluminal endoscopic pro-
cedures evolve, pediatric surgeons will have to deﬁne their role in
advanced endoscopy and address issues around training and cre-
dentialing. Pediatric surgeons should be involved in the develop-
ment and clinical application of advanced endoscopy in order to
remain leaders in the development of innovative approaches to
pediatric speciﬁc surgical disease.
Appendix. Supplementary data
Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.epsc.2014.06.009.References
[1] Pasricha PJ, Hawari R, Ahmed I, Chen J, Cotton PB, Hawes RH, et al. Submucosal
endoscopic esophageal myotomy: a novel experimental approach for the
treatment of achalasia. Endoscopy 2007;39:761e4.
[2] Inoue H, Minami H, Kobayashi Y, Sato Y, Kaga M, Suzuki M, et al. Peroral
endoscopic myotomy (POEM) for esophageal achalasia. Endoscopy 2010;42:
265e71.
[3] Stavropoulos SN, Harris MD, Hida S, Brathwaite C, Demetriou C, Grendell J.
Endoscopic submucosal myotomy for the treatment of achalasia (with video).
Gastrointest Endosc 2010;72:1309e11.
[4] Bhayani NH, Kurian AA, Dunst CM, Sharata AM, Rieder E, Swanstrom LL.
A comparative study on comprehensive, objective outcomes of laparoscopic
Heller myotomy with per-oral endoscopic myotomy (POEM) for achalasia.
Ann Surg 2014;259:1098e103.
[5] Mayberry JF, Mayell MJ. Epidemiological study of achalasia in children. Gut
1988;29:90e3.
[6] Marlais M, Fishman JR, Fell JM, Haddad MJ, Rawat DJ. UK incidence of acha-
lasia: an 11-year national epidemiological study. Arch Dis Child 2011;96:
192e4.
[7] Maselli R, Inoue H, Misawa M, Ikeda H, Hosoya T, Onimaru M, et al. Peroral
endoscopic myotomy (POEM) in a 3-year-old girl with severe growth retar-
dation, achalasia, and Down syndrome. Endoscopy 2012;44(Suppl. 2 UCTN):
E285e7.
[8] Familiari P, Marchese M, Gigante G, Boskoski I, Tringali A, Perri V, et al. Peroral
endoscopic myotomy for the treatment of achalasia in children. J Pediatr
Gastroenterol Nutr 2013;57:794e7.
[9] Lee BH, Shim KY, Hong SJ, Bok GH, Cho JH, Lee TH, et al. Peroral endoscopic
myotomy for treatment of achalasia: initial results of a korean study. Clin
Endosc 2013;46:161e7.
[10] Chen WF, Zhou PH, Li QL, Yao LQ, Xu MD, Zhong YS, et al. Clinical impact of
peroral endoscopic myotomy for achalasia of pediatric patients: a prospective
single center study. Endoscopy 2012;44(Suppl. 1):A11.
[11] Eckardt VF. Clinical presentations and complications of achalasia. Gastrointest
Endosc Clin N Am 2001;11:281e92.
